@ Additional Member of TMS7000 Family 
— TMS70C42 Prototyping Device 
— Low-Volume Production Support Option 
— Register-to Register Architecture 
— TMS7000 instruction Set Compatible 
— Eight Powerful Addressing Formats 


@® CMOS Technology 
— Low Power Modes 


@ 8K-Byte On-Chip EPROM with Programming 
Procedure Compatible with TMS27C64 


@ Operating Range 
— Voltage (Vcc) 3V - 6V 
— Frequency 0.5 MHz to 6.0 MHz 
— Temperature —40°C to 85°C 


@ Flexible Memory Configurations 
— 256-Byte On-Chip RAM Register File 
— Memory-Mapped Ports 
— Memory Expansion to 64K Bytes 


® 32 CMOS Compatible I/O Pins 
— 24 Bidirectional Pins 
— 8 Output Pins 
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— Two Cascadable 16-Bit Timers with 5-Bit FJ PACKAGE 
Prescale and 16-Bit Capture Latch (TOP VIEW) 
— C~« 8-Bit Timer with 2-Bit Prescale 
— Internal Interrupt with Timer Reload ees es 
SO OF 
@ On-Chip Serial Port OOsx|lz {4 <a 
HN S'S ZH XK 
— Flexible Data Protocols Og ESE MESES 
— Internal or External Baud Rate Generator >oODaooO>DooS 
— Asynchronous, Isoynchronous, and Serial 44 40 
I/O Modes a 
— Two Multiprocessor Communication AO [}7 391]Vss 
Formats Ai {}8 38[]C7 


@ Fiexible Interrupt Handling 


— External Interrupts Programmable for 
Edge or Edge/Level Triggering and 
Rising or Falling Edge Detection 

— Priority Servicing of Simultaneous 


Interrupts 


— Global and Individual Interrupt Masking 


@ Development Support 


— Low Cost Evaluation Module 
— Full Feature Development System 
— Assembler/Linker Cross Support for Popular 


Hosts 


ADVANCE INFORMATION documents contain 
information on new products in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without aotice. 
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description 
The TMS77C82 is an EPROM version of the 8-bit TMS70C42 microcomputer. The TMS77C82 contains 
8K bytes of on-chip EPROM and is completely software and pin compatible with the TMS70C42. Other 
features include 256 bytes of on-chip RAM, a flexible serial port (UART), three timers, programmable sense 
interrupts, eight addressing formats, and the same advanced register-to-register architecture that allows 
direct register arithmetic and logical operations without requiring the use of an accumulator (e.g., ADD 
R37, R228; add register 37 to register 228 and store the result in register 228). 


The TMS77CB82 is ideal for low-power applications, and for designs where program constraints are likely 
to change periodically. The CMOS fabrication, coupled with high-performance CPU and internal peripherals, 
allows flexible system designs in industrial, automotive, computer, and telecommunications applications. 
Other uses of this device include prototyping capabilities for the TMS70C42 and a low-volume alternative 
to masked ROM parts. 


The 16-bit timers, with their associated 5-bit prescale, 16-bit capture latch, and timer outputs, simplify 
A/D conversions, pulse width measurements and other time-critical application designs. For real-time 
applications where accuracy over long periods is essential, the Timer 1 output may be cascaded into the 
Timer 2 input to effectively form one 42-bit timer. 


The unique serial port can operate in any one of three modes: Asynchronous, !sosynchronous, or Serial 
I/O. Additional features of the serial port include a selectable protocol (data bits, parity, and stop bits), 
internal or external baud rate generation, and error detection flags. Direct networking for processor-to- 
processor communications is also supported through two multiprocessor protocols. 


There are six prioritized interrupt levels on the TMS77C82. Level O is the non-maskable reset, level 2 is 
associated with Timer 1, level 4 is associated with the serial port (receive, transmit, and Timer 3), and 
level 5 is generated by Timer 2. Levels 1 and 3 are external interrupts with programmable edge/edge and 
level triggering, and rising/falling sense detection. All interrupts are routed through a user-defined vector 
to the appropriate service routine; therefore, each service routine can be located anywhere in the TMS77C82 
address space. There is a global interrupt enable bit in the status register, as well as individual interrupt 
enable bits for interrupts 1 through 5. 


The TMS77C82 can be programmed like any Texas Instruments TMS27C64 on a wide variety of PROM 
progammers with the aid of an adapter socket (see pages 40 and 41 for schematics). Contact your PROM 
programmer manufacturer or local Tl field sales office for programming support. The TMS77C82 also 
contains an EPROM integrity feature called the R bit, which may be used to disable external access to 
the EPROM. Once the R bit has been programmed, the contents of the EPROM cannot be modified and 
only 1s can be read externally from the EPROM. The only way to modify the R bit protection is to completely 
erase the contents of the EPROM. 


When power consumption is critical, the TMS77C82 can idle selectable sections of the microcomputer 
(e.g., Timer 1, Timer 2, or UART) and use power only where needed. Also, the entire processor can be 
halted while retaining the 256 bytes of internal RAM. 


The TMS77C82 instruction set is identical to that of all TMS 7000 family members, allowing easy transition 
between members. 
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OPERATION MODES EPROM MODE 


SIGNAL | PINNO. | @] DESCRIPTION SIGNAL vo DESCRIPTION 
, 
7 


AO (LSb) AO-A7 sre general-purpose bidirectional pins. A3-A7, A12 are address 
Al 
A2 


lines. 


A3 


A4/SCLK 
A5/RXD 
A6/EC2 
A7/EC1 


Data |/O/Seria! port clock 

Data 1/O/Seria!l port receiver 
Data !/O/Timer 2 event counter 
Data |/O/Timer 1 event counter 


Program 


Output enable 


BO/T20UT O BO-B3 are Outputs. B4-B7 are outputs in Single-Chip mode and memory interface pins in 
B1/TIOUT 4 4 O all other modes. BO and B1 are outputs for Timer 2 and Timer 1. 

B2 5 5 O 

B3/TXD 41 37 O Data output/Serial port transmitter 

B4/ALATCH 42 38 O Data output/Memory interface address latch strobe 

BS/R/W 1 1 O | Data output/Memory read/write signal 

B6/ENABLE 43 39 | O | Data output/Memory interface enable strobe 

B7/CLKOUT 2 2 O Data output/iInternal clockout 


Port C is a bidirectional data port. in 
Microprocessor, Peripheral-Expansion, and 


Q1-Q08 are bidirectional 
data lines. 


Full-Expansion modes, Port C is a multiplexed 
low address and data bus. 


Port D is a bidirectional data port. In AO-A2 and 
A8-Ai1 are 


address lines. 


Microprocessor and Full-Expansion modes, 
it is the high address bus. 


Chip enable 


Vss for EPROM mode 
Program enable 


12.5 V to program 
(0 V to verify) 
Vss for EPROM mode 


XTAL2/CLKIN 


Crystal input for contro! of internal oscillator | GND | 
Crystal! output for control of internal oscillator 


VCC Supply voltage (positive) VCC Supply voltage (6 V) 
VSs Ground reference 


Ground reference 
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architecture 


memory modes 


The TMS77C82 has four different operating modes, allowing the optimization of the on-chip versus off- 
chip memory for each application. These modes are Single-Chip, Peripheral Expansion, Full Expansion, and 
Microprocessor. The tables below show the pin conditions that must be met for each mode, the number 


of I/O pins, and the amount of external address space available in each of the different modes. To enter 
the EPROM mode, the RESET and XTAL2 pins must be held low. 


OPERATION MODES 
MODE SELECT SINGLE- PERIPHERAL FULL 
MICROPROCESSOR 
CHIP EXPANSION EXPANSION 
vocontao eT? | _o | 0 {1 
recisten [sire | o | 1 | | x ~+||— *~~——S«dsCia x 
MODE CONTROL PIN ss VPP 
PRESET PIN, | cc | ce CT cc CCC Vss Vss 


EPROM 
PROGRAMMING 


EPROM 
VERIFY 


XTALZ PIN N/A N/A Vss VSS 
X — Don't care ' 


N/A — Not applicable 


VO Pins: 
Bidirectional 
Output only 


Expansion Bus: 
Address only lines 
Multiplexed Address/Data lines 
Control lines 


Memory Space: 
RAM 
EPROM! 
Internal Peripheral File 
External Peripheral File 
External Memory 


tThe first six bytes of masked ROM are reserved for TI internal use. 
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memory map 


PERIPHERAL FULL 
SINGLE-CHIP z MICROPROCESSOR 
EXPANSION EXPANSION 
REGISTER FILE 


ON-CHIP PERIPHERALS (TIMERS, INTERRUPTS. 1/0 PORTS, SERIAL PORT) 


PERIPHERAL EXPANSION 
NOT 


AVAILABLE MEMORY 


EXPANSION 
ON-CHIP PROGRAM EPROM, 8K BYTES 
PERIPHERAL FUL 
SINGLE-CHIP . 
EXPANSICN EXPANSION 


>0000 


>0100 
>011C 


>0200 


>E000 


> FFFF 


MICROPROCESSOR 
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peripheral memory map 


ae Be es 


REGISTER 
PO 


PI 
P2 
P3 
P4 
PS 
P6 
P7 
PB 
Pg 
P10 
Pit 


>0100 
>0101 
>0102 
>0103 
>0104 
>0105 
>0106 
>0107 
>0108 
>0109 
>010A 
>0108 


IOCNTO 
1OCNT2 
IOCNT1 
APORT 
ADDR 
BPORT 
CPORT 
CODR 
DPORT 
DODA 


FUNCTION 


Interrupts 1, 2, and 3, expansion mode control 
Polarity and edge/level control for INT1 and INT3 


Interrupts 4 and 5 


Reserved 


A port data value 


A port direction register 


B port data value 


Reserved 


C port data value 


C port direction register 


D port data value 


D port direction register 


P12 >010C TIMSDATA 
P13 >010D TILSDATA 
P14 >O10E TICTL1 
P15 > 0O10F TICTLO 
P16 >0110 T2MSDATA 
Pi7 >0O111 T2ZLSDATA 
P18 >0112 T2CTL1 
P19 >O173 T2CTLO 
P20 >0114 SMODE 
P21 >0115 SCTLO 
P22 >0116 SSTAT 
P23 >0117 T3IDATA 
P24 >0118 SCTL1 
P25 >0119 RXBUF 
P26 >O11A TXBUF 
P27 >0118 _ 
P28-P255 | >011C->O1FF - 


Timer 1 MSB reload register/MSB readout latch 
Timer 1 LSB reload register/LSB decrementer value 
Timer 1 control register 1/MSB readout latch 
Timer 1 control register O/LSB capture latch value 
Timer 2 MSB reload register/MSB readout latch 
Timer 2 LSB reload register/LSB decrementer value 
Timer 2 control register 1/MSB readout latch 
Timer 2 control register O/LSB capture latch value 
Serial port mode control register 

Seria! port control register O 

Serial port status register 

Timer 3 reload register/decrementer value 

Serial port control register 1 

Receiver buffer 


Transmitter buffer 
Reserved 
Peripheral expansion 


NOTES: 1. P8, P9, and the most significant nibble of P6 become off-chip in Peripheral Expansion, Full Expansion, and Microprocessor modes. 
2. P10 and P11 become off-chip in Full Expansion and Microprocessor modes. All other addresses between PO and P27 inclusive 
remain on-chip in all expansion modes. 
3. Exercise caution when using logical instructions (e.g., ANDP, ORP, XORP) on these registers because of the different read/write 
functions. 


interrupt priorities 
The TMS77C82 has five interrupt levels plus RESET. These levels are defined as follows: 


Level O: RESET (highest priority) 
Level 1 (INT 1): External, user-defined, software programmable control over edge/level triggering and 
polarity 


Level 2 (INT2): Timer 1 

Level 3 (INT3): External, user-defined, software programmable contol over edge/triggering and 
polarity 

Level 4 (INT4): Serial port TX ready, RX full, or Timer 3 

Level 5 (INT5): Timer 2 
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device initialization 


interrupt level O (RESET) cannot be masked and will be recognized immediately, even in the middle of 
an instruction. To execute the level O interrupt, the RESET pin must be held low for a minimum of 1.25 
internal clock cycles (tc(C)) to guarantee recognition by the device. During assertion of the RESET pin, 
the following conditions for the indicated locations occur. 


PF LOCATIONS LOCATION | RESET RESULT 


P5, PS, P11 Data Direction Registers Set to all Os (ports ere inputs) 
P4, P8, P10 Port A, C, D Output Data Flip Flops Not affected 


Set to all 1s 
Set to all Os (Bits 7, 6, 3, 2, O, and IOCNT2 are indeterminate) 
NOTE: INTIFLG-INT3FLG are cleared 
2,0 set to O 
Bits 7, 6, 5, 4, 1 not affected 
INT4FLG is not cleared 
INT5FLG is cleared 
Bits 7, 2, 1,0 set toO 
Bit 6 set to 1 

Bits 5, 4, 3 not affected 
Bits 6, 1 set to O 
Bits 2, O set to 1 
Bits 7, 5, 4, 3 not affected 


SCTL1 Bits 6, 5, 4, 3, 2 set toO 
feta ecatecee 

TICTL1 Bit 6 set to O 

Bits 7, 6 set to O 


CPU REGISTERS RESET RESULT 


Loaded with >0} 


PC loaded with reset vector 
1/O control registers 


The I/O control registers are located in the Peripheral File and are responsible for memory mode definition 
and interrupt control. In the following figures, each bit in the I/O control registers is defined. 


The INTn FLAG values are independent of the INTn ENABLE values. Writing a 1 to the INTn ENABLE will 
not clear the INTn FLAG. Writing a 1 to the INTn CLEAR bit will clear the corresponding INTn FLAG, but 
writing a O to the INTn CLEAR bit has no effect on the bit. 
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iOCNTO O = INT3 Inactive 
PF number = PO 1 = INT3 Pending 
a a = INT2 Inactive 


= © 
t! 


INT2 Pending 
oO = INT1 Inactive 


| 1 = INT1 Pending 
5 4 3 b | 9) 
MEMORY | MEMORY 
READ | Move 1 | MODE 0 
Reset Values} o | fo} f[o]f jo] j;o}] fo] fo] fo | 
MEMORY | MEMORY INT3 INT3 INT2 INT2 INT 1 INT 1 
MODE 1 MODE O CLEAR ENABLE CLEAR ENABLE CLEAR ENABLE 
7 6 5 4 3 2 1 @) 


| 0 INT 1 Disabled 
1 


7 6 


WRITE 


Se eee 


= INT1 Enabled 
O = No Effect 
00 = Single-Chip 1 = Clear INT1 Flag 
01 = Peripheral O = INT2 Disabled 
Expansion 1 = INT2 Enabled 
10 = Full O = No Effect 
Expansion 1 = Clear INT2 Flag 
11 = Undefined O = INT3 Disabled 
1 = INT3 Enabled 
O = No Effect 
1 = Clear INT3 Flag 
FIGURE 1. 1/0 CONTROL REGISTER O (IOCNTO) 
1OCNT1 O = INT5 Inactive 
PF number = P2 1 = INTS5 Pending 
Address = >0102 O = INT4 Inactive 


{ = INT4 Pending 
7 6 5 4 3 2 1 0 
INT 
ENABLE 
INTS INTS INT4 INT4 
CLEAR | ENABLE | CLEAR ENABLE 
7 6 5 4 3 2 1 0 
X = No Effect t O = INT4 Disabled 
1 = INT4 Enabled 
O = No Effect 


READ 


Reset Values 


WRITE 


1 =< Clear INT4 Flag 


O = No Effect O = INTS Disabled 
1 = Clear INT5 Flag 1 = INTS Enabled 


FIGURE 2. 1/0 CONTROL REGISTER 1 (IOCNT 1) 
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O = Active Low/Falling Edge 
1 = Active High/Rising Edge 
Edge and Level Sensitive 
Edge Only Sensitive 


1IOCNT2 
PF number = P1 
Address = >0101 


1 


5 4 3 2 
INT3 
POLARITY 
Pe feet 


{ O = Active Low/Falling Edge 
1 = Active High/Rising Edge 
O = Edge and Level Sensitive 
1 = Edge Only Sensitive 


1 0 


INT 1 
22 frien 
om 


7 6 


X = Indeterminate 


READ OR 
WRITE 


Reset Values 


NOTE 4: When changing the sense of INT1 or INT3, the interrupt will become active (set the FLAG bit and interrupt the CPU if enabled) 
if the level present at the interrupt pin corresponds with the new sense selected. Also, the corresponding capture latch will be loaded. 


FIGURE 3. 1/0 CONTROL REGISTER 2 (IOCNT2) 


programmable timer/event counter 


The TMS77C82 features three on-chip timers with individual start/stop control bits. Timer 1 (shown in 
Figure 4) and Timer 2 (shown in Figure 7) consist of a 16-bit readable decrementer with a 16-bit reload 
register, a 16-bit capture latch, and a 5-bit prescaler with a 5-bit reload register. Timer 3 consists of an 
8-bit readable decrementer with an 8-bit reload register and a 2-bit prescaler with a 2-bit reload register. 
Timer 3 can be used as a general-purpose timer or as a baud rate generator for the serial port. 


most significant byte readout latch 


This latch is shared between the most significant byte (MSB) of the decrementer and the MSB of the capture 
latch. it allows the complete 16-bit value of the decrementer or the capture latch to be sampled at one 
moment. The least significant byte (LSB) must be read first, which causes the MSB to be simultaneously 
loaded into the readout latch. 


There is only one readout latch for each timer, but the same latch can be read from two addresses for 
easier programming (see the diagrams for Timer 1 and Timer 2). 


Timer 1 MSB readout latch can be read from both P12 (>010C) and P14 (>010€). Similarly, Timer 2 
MSB readout latch can be read from both P16 (>0110) and P18 (>0112). 


Reading the LSB of the decrementer or capture latch will always update the contents of the readout latch. 
In order to correctly read the entire 16-bit value of the decrementer or capture latch, the LSB must be 
read first, which will load the MSB readout latch. The MSB readout latch must be read and stored before 
reading the LSB of either the decrementer or capture latch. 


The order of 16-bit read operations should be: 


Timer 1: 
Decrementer: P13 then P12, or P13 then P14 
Capture latch: P15 then P12, or P15 then P14 


Timer 2: 
Decrementer: P17 then P16, or P17 then P18 
Capture latch: P19 then P16, or P19 then P18 
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timer 1 schematic diagram 


A schematic diagram of Timer 1 is shown below. For clarity the details of the clock source selection and 
the power reduction mechanism are covered in Figure 6, Timer 1 Control Registers. 
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e e 
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8 
& 
8-BIT LSB 
. DECREMENTER CAPTURE LATCH 
m . UNDERFLOW +- INT3 
| | 
| 8 
[ 8-BIT MSB 
| DECREMENTER 
RELOAD PULSE 
e 
| READ LSB OF _! | READ LSB OF 
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MSB READOUT 
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FIGURE 4. TIMER 1 SCHEMATIC DIAGRAM 


CASCADE OUT TO TIMER 2 


INTERNAL BUS 
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timer 1 control registers 


TIMSDATA P12 >010C TILSDATA P13 >010D 
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 


X = Indeterminate 


FIGURE 5. TIMER 1 DATA REGISTERS 


TICTLI P14 >010E 
7 6 5 4 3 2 1 0 


MSB READOUT LATCH 


Data register bit B1 
1 = T1IOUT; toggles B1 when T1 decrements through 0 


READ 


WRITE 


Reset Values 


TICTLO P15 >010F 


READ 


WRITE 


Reset Values 


X = Indeterminate 


O = Timer 1 remains active during IDLE 
1 = Timer 1 will halt during IDLE 

O = Internal clock source fog-/4 

1 = External clock source from A7/EC1 


O = Stop timer, hold current count value. 
and clear INT2 FLAG 

1 = Reloads prescaler and decrementer 
and begin decrementing 


FIGURE 6. TIMER 1 CONTROL REGISTERS 
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timer 2 schematic diagram 


A schematic diagram of Timer 2 is shown below. For clarity the details of the clock source selection and 
the power reduction mechanism are covered in Figure 9, Timer 2 Control Registers. 
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aoe 8-BIT MSB “ate UNDERFLOW 


RELOAD REGISTER 


| 
| 
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e 
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RELOAD PULSE 


READ LSB OF S 
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LATCH 


INTERNAL BUS 


FIGURE 7. TIMER 2 SCHEMATIC DIAGRAM 
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timer 2 control registers 


T2MSDATA P16 >0110 T2LSDATA P17 >0111 
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O 


X = Indeterminate 


FIGURE 8. TIMER 2 DATA REGISTERS 


T2CTL1 P18 >0112 
7 6 5 4 3 2 1 0 
MSB READOUT LATCH 


O Data register bit BO 
1 = T20UT; toggles BO when T2 decrements through 0 


0 Clock determined by SOURCE bit 
Clock source is Timer 1 reload signal 


READ 


WRITE 


Reset Values 


~~ 
"i 


T2CTLO P19 >0113 


7 6 5 4 3 2 1 0 
LSB CAPTURE LATCH 


PRESCALER RELOAD REGISTER 


READ 


WRITE 


Reset Values 


= Indeterminate 
O = T2 remains active during IDLE 

1 = T2 will halt during IDLE 

O = Internal clock source fo5-/4 

1 = External clock source from A6/EC2 


Stop Timer 2, hold current value. and clear INT5 FLAG 
Reload prescale and decrementer and begin decrementing 


= © 
i) 


FIGURE 9. TIMER 2 CONTROL REGISTERS 
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timer 1 and timer 2 clock source 


T2CTLO T2CTL1 


TIMER 1 CLOCK SOURCES 
[tO AY, Externat [EC (Event Counten 

SOURCE 
(SOURCE) (CASCADE) 
Bit 7 of timer control registers T1CTLO and T2CTLO is the START bit for Timer 1 and Timer 2, respectively. 
and Timer 1’s INT2 FLAG or Timer 2’s INT5 FLAG is set to O. When a 1 is written to the START bit, 
regardiess of whether it was a O or a 1 before, the prescaler and counter decrementers are loaded with 


TICTLO 
CLOCK 
oe SOURCE 
(SOURCE) 
TIMER 2 CLOCK SOURCES 
a ae oe ee 
[fo externa Sid 
When a O is written to the START bit, the timer chain is disabled and frozen at the current count value, 
the corresponding latch values, and the Timer/Event Counter operation begins. 


When the prescaler and counter decrement through zero together, an interrupt flag is set and the prescaler 
and counter decrementers are immediately and automatically reloaded with the corresponding values from 
the reload registers, and counting continues. The interrupts generated by the timers are INT2 for 
Timer 1 and INTS5 for Timer 2. 


Timers 1 and 2 each have a 16-bit capture latch which ‘‘captures’’ the current value of the counter whenever 
the appropriate input capture signal is generated. The capture latch values for Timer 1 and Timer 2 are 
loaded on the active edges of INT3 and INT1, repsectively, whether or not the interrupts are enabled. Both 
capture latches are disabled during the IDLE instruction when their corresponding timer HALT bits are 1. 


event counter (EC) 


When Timer 1 or Timer 2 is in the EC mode, pins A7 and A6 are the decrementer clock sources for 
Timer 1 and Timer 2, respectively. The maximum clock frequency on A7 or A6& in the EC mode must not 
be greater than fosc/4. The minimum pulse width must not be less than 1.25 machine cycles (tc(c)}). Each 
positive pulse transition decrements the count chain. 


timer output function 


A timer output function exists on both Timer 1 and Timer 2 that allows the B1 and BO outputs, respectively, 
to be toggled every time the timer decrements through zero. This function is enabled by the T1OUT bit 
and T2OUT bit (bit 6) in timer control registers T1CTL1 and T2CTL1. 


When operating in the timer output mode, the BO and/or B1 output cannot be changed by writing to the 
B port data register. Writing to the respective timer’s START bit will reload and start the timer, but will 
not toggle the output. The output will toggle only when the timer decrements through zero. The timer 
Output feature is independent of INT2 and INT5 and, therefore, will operate with INT2 and INT5 enabled 
or disabled. Also, if the timer is active during the IDLE instruction, the timer output feature will continue 
to operate. 
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Whenever the T2OUT or T1OUT bit is returned to 0, BO or B1 will become an output-only pin, like B2. 
The value in the BO or B1 data register will be the last value output by the timer output function, so that 
BO or B1 will not change as the T2OUT or T10UT bit is returned to O. 


Whenever a read of BPORT is performed, the values on the BO pin and B1 pin will always be returned, 
so the current timer output values can be read by reading BPORT. 


The T1OUT and T20UT bits are set to O by RESET, so the timer output function will not be enabled unless 
the user sets the T1OUT or T2OUT bit to 1. 


The Timer 2 output (T2OUT) cannot be used if Timer 1 and Timer 2 are cascaded together (CASCADE 
bit of T2CTL1 set to 1). 
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serial port 


The TMS77C82 contains a serial port which greatly enhances its 1/O and communciation capability. The 
serial port can operate in several modes which permit the TMS77C82 to interface with Universal 
Asynchronous Receiver/Transmitter (UART) peripheral devices, as well as several microcomputers (e.g., 
TMS77C82, TMS70C42, TMS7042, TMS7742, 6801, 8051). The serial port consists of a receiver (RX), 


transmitter (TX), and baud rate generator (Timer 3, T3). it is controlled and accessed through the following 
registers in the Peripheral File: 


REGISTER | _ ADDRESS ae a FUNCTION 


SMODE 
SCTLO 


Serial Port Mode 
Serial Port Control! O 
Serial Port Status 
Timer 3 Data 

Serial Port Control 1 
Receiver Buffer 


SSTAT 


T3DATA 
SCTL1 
RXBUF 
TXBUF 


Transmission Buffer 


For detailed register bit descriptions, refer to the TMS7000 Family Data Manual, part number SNDOO1B. 


A4/SCLK 


A5/RXD 


B3/TXD 


NOTE 5: The INT4 sources are effectively wire-ORed together to generate only one INT4 input. The SCLK sources are wired together to 
generate only one SCLK input. 


FIGURE 10. SERIAL PORT FUNCTIONAL BLOCKS 
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SMODE 
PF number = P20 
Address = >0114 


oe Sdodsdriciedeael 


Protocols: 

O = Motorola 
00 = 5 bits/char 1 = Intel 
01 = 6 bits/char 
10 = 7 bits/char O = lsosynchronous 
11 = 8 bits/char communication 


1 = Asynchronous 
communication 
O = Parity disabled 
1 = Parity enabled 


O = Odd parity 
1 = Even parity 


O = Serial !/O mode 
1 # Communication mode 


O = One stop bit 
1 = Two stop bits 


FIGURE 11. SERIAL PORT MODE (SMODE) 


SMODE is the RX/TX control register that describes the character format and type of communication mode. 
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SCTLO 
PF number = P21 
Address = >01156 


7 6 


5 4 . 3&3 


O = No reset of flags 


1 


2 


READ 


ace 


O = Transmitter 


WRITE 


Reset Values 


1 = Reset error flags disabled 
(Write mode) 1 © Transmitter 
enabled 


O = Serial port enable 


O = A4 is general 
1 = Reset serial port 


purpose I/O 
1 = A4 is SCLK 


O = Serial port and Timer 3 
fully active during (OLE 
1 = Serial port and Timer 3 
fully halted during IDLE 


O = Receiver disabled: 
A5 is general 
purpose 1/0 

1 = Receiver enabled; 
A5 is RX input 


FIGURE 12. SERIAL PORT CONTROL REGISTER O (SCTLO) 


SCTLO is RX/TX control register used to control the serial port functions such as TX and RX enable, clearing 
of error flags, and software enable. 
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SSTAT 
PF number = P22 
Address = >0116 


7 6 5 4 3 2 1 O 
READ BRKDT 
Reser Vas {x | fo} txt jx} tx} fr} fot jr 
O = TXBUF full 


1 = TXBUF ready 
for character 


O = RXBUF empty 
1 = RXBUF ready 
with new 
character 


Transmitter written to 
Transmitter empty 


0 
1 


O = No parity error, if PEN - 1 
1 = Parity error. if PEN - 1 


0 
1 


No overrun error 
Overrun error 


O = No framing error 
1 = Framing error 
No break 

Break detected 


1 


Intel Address/Data bit: 
O = Last address/data bit received was O. or Inte! mode not selected 
1 = Last address/data bit received was 1 


FIGURE 13. SERIAL PORT STATUS (SSTAT) 
SSTAT is the read-only register used to report the status of the serial port. Bit 7 (IADD) stores the value 
of the last address/data bit received when using the Intel multiprocessor mode. 


T3DATA 
PF number = P23 
Address = >0117 


7 6 5 4 3 2 1 0 


READ CURRENT TIMER VALUE 
WRITE TIMER RELOAD REGISTER (TRA) 


FIGURE 14. TIMER 3 DATA REGISTER (T3DATA) 
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SCTL1 
PF number = P24 
Address = >0118 


READ 


7 
WRITE 
Reset Values 0 | Fo | Ho | ho | Fo | | ae 


2-bit prescale reload 
register for Timer 3 


O = Disable T3 Interrupt 
to set INT4 FLG 

# Enable T3 Interrupt 
to set INT4 FLG 


ro) 


WRITE: O = Clear T3FLG 
1 = Set T3FLG 

READ: O = T3FLG was software cleared 
1 = Timer 3 Decremented 


through 0 or T3FLG 
wes software set 


Controls TX multiprocessor communication 
Controls RX multiprocessor communication 


O = External SCLK from pin A6/SCLK 
1 = Internal SCLK from Timer 3 


Timer remains stopped, decrementer continuously reloaded from reload register 
Timer starts to decrement from reload register value 

Timer 3 stops decrementing. decrementer continuously reloaded from retoad register 
No effect on Timer 3, decrementer continues to decrement from current value 


a & = OC 
j 


=a O22 OC 
@sa6s 


FIGURE 15. SERIAL PORT CONTROL REGISTER (SCTL1) 


For a description of the individual timer bits in SCTL1, see the Timer 3 section of this document. 
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FSR Ne se EI aaa Tae TS DB a ES a a 
RXBUF 


PF number = P25 
Address = >0119 


7 6 5 4 3 2 1 0 
READ RECEIVER DATA 

0 0 0 «&—— 5 data bits ——————— ee 

O 0 i 6 dt eee 


588686605 7 660680000 eee 


FIGURE 16. RECEIVER BUFFER (RXBUF) 


TXBUF 
PF number = P26 
Address = >O11A 


7 6 5 4 3 2 1 0 
WRITE TRANSMITTER DATA 

x x i o—_—_— 5 data bits ——————— 

x i EC dts bts 


SS TT cate bie 


X = ignored 


FIGURE 17. TRANSMITTER BUFFER (TXBUF) 


serial port clock sources 


The serial port can be clocked by Timer 3 or an external baud rate generator. The source of the serial clock 
(SCLK) is determined by the CLK bit (SCTL1 bit 6) and the SCLKEN bit (SCTLO bit 1). 


SCLKEN CLK _— Serial Port Clock Operation 


1 1 A4 is forced to output mode, independent of the data direction register (P5). 
Timer 3 provides the clock for the Serial Port which is output as SCLK on A4. 


1 ) A4 is forced to input mode, independent of the data direction register (P5). An external 
signal applied to A4 provides the baud rate clock for the Serial Port. 


0) 1 A4 is available for general-purpose I/O. The clock for the serial port is provided by 
Timer 3 but is not output on any pin. 


6) 0) A4 is selected as general-purpose !/O with its direction register controlling the direction 
of A4. The serial port clock is taken from the A4 pin, so the clock can be provided 
by an external signal if the pin is in input mode (the same as the SCLKEN = 1, 
CLK = O option above), or by software if the pin is in output mode by writing to the 
A4 data register. 


If SCLKEN is changed from 1 to O, A4 will have the direction selected by the A port direction register. 


In any of these modes, reading from A4 will return the value present at the pin. SCLKEN and CLK are 
both set to O by RESET. The A4 direction register is also set to O (input) by RESET. 
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timer 3 


Timer 3 can be used as a general-purpose timer or as the clock generator for the serial port. Timer 3 is 
accessed through T3DATA and SCTL1. The Timer 3 clock source is an internal signal with the frequency 
equal to fosc/4. Timer 3 consists of a 2-bit rescaler and an 8-bit counter. These are automatically reloaded 
from a 2-bit and an 8-bit reload register, respectively, whenever a register decrements through zero. 


Timer 3 is continuously reloaded with the prescaler and decrementer reload register values while the T3RUN 
bit is O. Timer 3 differs from Timer 1 and Timer 2 in that Timer 3 cannot be held at the value it contained 
when the T3RUN bit goes to O. The timer begins decrementing when the T3RUN bit is changed from O 
to 1. The T3RUN bit is initialized to O by reset. 


Each time the timer decrements through zero, the Timer 3 flag is set to 1 and the INT4 FLAG is set to 
1 if T3ENB (SCTL1 bit 2) is 1. Timer 3 and its flags are not affected by the serial port software reset (UR). 
Therefore, Timer 3 can be used independent of the serial port. 


When using Timer 3 as the serial port clock source, the reload pulse (timer decremented through zero) 
output of Timer 3 goes to the serial port via a divide-by-two circuit, producing an equal mark-space ratio 
internal SCLK (see Timer 3 block diagram). The baud rate generated by Timer 3 is user-programmable and 
is determined by the value of the 2-bit prescaler and the 8-bit timer reload registers. 


The equations for determining the output baud rates for both the asynchronous and isosynchronous modes 
are: 


fosc SCLK 
synchronous Baud Rate 64(PAR+ INTRA? 1) 3 
fosc 
lsosynchronous Baud Rate = —————————————- = SCLK 


8(PRR + 1)(TRR + 1) 


where: fosc = frequency of the crystal or external system clock 
TRR = Timer 3 decrementer reload register (P23) 
PRR = Timer 3 prescale reload register (P24) 
SCLK = Serial clock either input or output from the SCLK pin 


The baud rate for the serial I/O mode is determined with the same equation used to determine the 
isosynchronous baud rate. 
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PRESCALER 
RELOAD REGISTER 


| 
2-BIT 
SCTL1.7 
PRESCALER (T3RUN} 


_ UNDERFLOW SCTLO.1_ 


8-BIT 


RELOAD REGISTER (SCLKEN)} 10 
eae SCTL1.6 . 
(CLK) DY” O— A4 
8-BIT 2 
| DECREMENTER lo a 
| L- : SERIAL PORT 
| 1 


RELOAD PULSE 2 
+ 
INTERNAL BUS 


SET T3FLG, SCTL1.3 


1 
O——— SET INT4 FLAG (IOCNT1.1) 


0 


| 

[ 
SCTL1.2—-—4 
(T3ENB) 


FIGURE 18. TIMER 3 SCHEMATIC DIAGRAM 
serial port initialization and reset 


After a system reset, the UR bit in SCTLO will be set to 1 and the serial port will be held in its reset condition. 
The serial port registers are then set in the order shown below. A serial port reset can be performed by 
writing a 1 to the UR bit (SCTLO bit 6) or by writing data to the SMODE register at any time. Whenever 
a@ write to the SMODE register is performed, the UR bit is set to 1 andthe serial port will be reset. The 
data written to SMODE will become the new SMODE register contents. 


SERIAL PORT INITIALIZATION 


SET B3 DATA = 1 

WRITE TO SMODE 

WRITE TO SCTLO (SET BIT 6 TO O) 
WRITE TO SCTL1 


The BPORT pin 3 must be set to 1 to transmit. 
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UART reset by software 


Setting the UR bit (SCTLO bit 6) to 1 affects the following: 


SCTLO Bits 7, 2, 1, O set to O 
Bit 6 set to 1 
Bits 5, 4, 3 not affected 


SSTAT Bits 6, 1 set to O 
Bits 2, O set to 1 


Bits 7, 5, 4, 3 not affected 


Bits 6, 5, 4 set to O 
Bits 7, 3, 2, 1 0 not affected 


Outputs the value of bit 3 of P6 


SCTL1 


Pin 37 (B3/TXD) 
Pin 10 (A4/SCLK) 
Pin 16 (AS/RXD) 


You cannot write to the affected bits of SCTLO and SCTL1 while the UR bit is set to 1. The configuration 
of all bits in SCTLO can be written to with a single instruction as long as the value of bit 6 (UR) within 
that instruction is O. 


Configures to the corresponding values stored in P4 and P5 


Configures to the corresponding values stored in P4 and P5 


software example 


The following software example initializes the TMS77C82. 


Ht TE HE He TE SE FE TE TE FE HE SE TE HE St SE OE SE EE TE FE HE SE TE HE SE FE SE SE Ht HE TE HE HE HE CF AE SE SE St St Ht OF Mt at SF tt OS St SE HE tt tt tt Ht Ot tt FE HE Ct Ott tt SF OF Ht St Ht 
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SE 9 4G HSE HE SE HE HE SE SE HE TE HE FE SE HE FE HE HE SE IE EE TE JE HE SE IE JE HE SE SE SE FE HE GE SE JE EE SE EE HE HEHE SEE HEE EHR HEE OE te 
+ 

# EcUATE TABLE 

* 

APFORT EGU P4 Fert A Tata Register 

BFORT EMU = Pé Port B Data Register 

CFORT EMAt Pe Port © Data Register 

DPORT Emu F'10 Fort D Data Reaister 

ADDR EGU! P= Fort A Data Direction Register 
CDDR Em FO Fort C Data Direction Req:eter 
DDDR EQUI Fil Fort D Data Direction Register 

# 

* I/O CONTROL REGISTERS 

cg 

IQCNTO EQUI PO Interrupts 1,2,2 and Expansion mode 
IQCNT1 EQU Pa Interrupts 4,5 

IQCNT2 EGU Fil Folarity and level control for eternal ints. 
@ 

al TIMER 1 REGISTER: 

+ 

TICTLO EQU P1s Timer 1 control register © 

TICTL1 EAL F14 Timer 1 control register 1 

TILSDA EQUI F13 Timer 1 LOH reload Register 

TIMSDIA Eau Fiz Timer 1 MSB reload Reqister 

FRESZ1 EQUI 200 Timer 1 Frescale value for 10 ms 
TIOMSL Emu 97 Timer 1 MiB value far 10 me 

T1OMSM EGU >3A Timer 1 LOEB value for 10 ms 


Zo 


26 


TMS77C82 
8-BIT CMOS EPROM MICROCOMPUTER 


Sal TIMER 2 REGISTERS 
+ 
TZETLO EC Fi‘? Timer = conmtrol register © 
T20TL1 Et Fis Timer 2 contre) register 1 
TELSEDA EM F17 Timer 2 LER reload Register 
TZM20AQ Er F1d Timer 2 MiB reload Register 
PRESC2 EC Q Timer 2 Frescale value for 10 KHz 
TIOKHL EM 74 Timer 2 MIB value for 10 KHe 
TIOKHM EG O Timer ££ LOR value for 10 KHz 
+ 
+ LIART REGISTERS 
% 
TSDATA Et Piss Timer 3 relaodg register 
SMODE Er ra) Serial port Mode Control Register 
SCTLO ECHL Fal Serial port Contre) Register © 
SSTAT Emu Pas Serial port Status Register 
SOTL1 EC P24 Serial port Control Register 1 
RXBLIF Er Fas Receiver butter: 
TXBUF EU P26 Transmitter tuffer 
B200 EQU 103 Count for 300 baud at 4 MH= 
a ae a en a ef a eg A ea Seth Sei Ieee eee ee 
+ 
+ THIS Is THE RE2E T ENTRY FOoIN T 
+ 
START [INT Disable interrupts 
MUVF %701000000, SCTLI Halt timer 3, sleep & WI bits of Ff 
# 
MinV “Z100,B Set stack pointer tae R100 
LDSF 
Ee 
+ INTERRUEF T S&S 
* 
MIVE “2700101110, TIACNTO Set Mode, enable int 2, clear all flags 
MOVF 4700001111, IOCNT1 Enable interrupts 4,5 3; clear all flags 
MIVP Z7TOQ000000 ,IQCNT2 Set INTs senses type = level 
# 
# PQRT DATA 
% 
MOVP Z%?00001000, AFORT Initialize Fart A 
MOVP 24710111100, BPORT Initialize Port B (Bs=1 for UART operatian) 
MOVF “%?710101011,CFORT Initialize Fort € 
MOVP %?00001001 , DPORT Initialize Fert OD 
MUVP Z?10001110, ADDR Initialize Fort A 
MOVF Z4710111111,CDDR Initializce Fort €C directians registers 
MOVP 7%701001001,DDDR Initialize Fort [DT directions reqisters 
% 
+ TIMER 1 
+ 
+ Timer 1 is confiqured as an internal real time clock which 
bal interrupts the CFU every 10 ms (at & MHz) an interrupt level & 
# 


MOVE 
MOVP 
MOVPE 
MaVP 


%?00000000, TICTL1 


Y%TAIOMSL, TILSDIA 
%TLOMSM, TIMSLA 


turned off 
value for 10 ms 
value for 10 ms 


Timer 1 cutput pin 
LSB timer latch 
MOB timer latch 


ZO-EO0+PRESC1, TICTLO start tit + prescale value set 
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TIMER Pe 
Timer 2 will) output a square wave with a 10 FH: frequency 
The square wave will output on Fort B pin ©. Once camfigured, 


Timer 2 will run comtinuously, without futher CFL servicing. 


MCIVP %701000000,T2ZCTL1 Timer 2 cutput pin turned on 


MOVP ZTIOKHL, T2LSLIA LOB timer latch value for 10 KHe 

MOVF “%TIOKHM, T2MSDA MZB timer latch value for 10 He 

MOVF “%>SO+PRESC2Z,TZCTLO Start bit + prescale value set 
SERIAL FoR T 

MIVFP Z~B300, TADATA Configure UART at 200 baud 


MAVF Z4?O1111110, SMODE data bits =8,Step=l1,Farity=even,Frotacal=mator 


MIVF 74700010100, SCTLO Reset errors, enable RX, disatle sclt and TX 


MOVP 2Z4711000010,SCTL1 Start UART, CLe=int, prescale=Z;eleep & Wi=att 


EINT LET THE INTERRUETS IN Now 


EN D OF INITIALTIZATICAN 


power reduction modes 


The TMS77C82 supports the Wake-up and Halt modes for low power consumption. These low power 
modes are entered via execution of the IDLE instruction. The power reduction mechanisms for each timer 
and the UART are completely independent of each other and are selected individually via the T1HALT, 
T2HALT, and SPH bits, located in the TICTLO, T2CLTO, and SCTLO registers, respectively. 


The Wake-up mode is entered when the IDLE instruction is executed. If the TIHALT, T2HALT, or SPH 
bits are set, then the corresponding timer or UART will be disabled. The Wake-up mode is exited by assertion 
of an enabled interrupt to the CPU or RESET. 


The HALT modes are entered when the IDLE instruction is executed and the TIHALT, T2HALT, and SPH 
bits are set, causing the corresponding timers and UART to be disabled. The oscillator will be active or 
inactive depending on which mask option is chosen. The HALT OSC-ON mode is exited by assertion of 
an enabled external interrupt or RESET, while the HALT OSC-OFF mode is exited only by RESET. 


FUNCTIONAL BLOCK STATUS 


| CPU T1, T2, T3-UART 


Wake-up T1, T2, and T3-UART individually 
programmed as fully 
active or halted 


HALT OSC-ONS | Halted | 11,72, and T3-UART are all halted IDLE 


|HALT OSC-OFFS| Halted | T1, T2, and T3-UART are all halted | Inactive | IDLE 


Tinterrupts must be enabled to exit. 
*May be used to exit wake-up mode if not programmed to be inactive during IDLE. 


SMask Options. Not programmable. 
i 
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1/O port operation during power reduction 


The following table indicates the state of the memory expansion ports (B, C, and D) in the low power 
mode, for each of the expansion modes. All of the other I/O pins will maintain their current direction (input 
or output) and will continue to output the same data if in the output mode. No outputs become three-state 
when Wake-up mode is entered. 


FULL EXPANSION 
PERIPHERAL 
VO PIN SINGLE-CHIP EXPANSION’ AND 
MICROPROCESSOR 
CLOCKOUT (B7) B7 data register vaiue 


ENABLE (B6) B6 data register value 
R/W (B5) B5 data register value 
ALATCH (B4) B4 data register value 
ADDR/DATA (C7-C0O) Individual I/O 
HIGH ADDR (07-D0O) Individual t/O 


X = Indeterminate 
capture latch operation during power reduction 


In Wake-up mode, Timer 1's capture latch will not be loaded when the INT3 pin is taken to its active level 
if TIHALT is 1. If T1HALT is O then the capture latch will be loaded every time the INT3 pin is taken to 
its active level, regardless of the value of the INT3EN flag. Similarly, Timer 2’s capture latch in Wake-up 
mode will be loaded when the INT1 pin is taken to its active level if T2HALT is 1. If T2HALT is O, then 
the capture latch will be loaded every time the INT1 pin is taken to its active level, regardiess of the value 
of the INTIEN flag. 


Once the TMS77C82 has been brought out of Wake-up mode, the capture latch will always be loaded 
when the appropriate interrupt pin is taken to its active level. 


ig 
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instruction set 


The TMS7000 family instruction set consists of 57 instructions that control input, Output, data manipula- 
tion, data comparisons, and program flow. The instruction set is supported with eight addressing modes to 
provide the flexibility to optimize programs to the user’s applications. For example, the MOV instruction has 


ten operand combinations supported by its addressing modes. 


ADDRESSING MODE EXAMPLE OPERATION 


Single Register 


Dual Register 

Peripheral File 

immediate 

Program Counter Relative 
Direct Memory 

Register File Indirect 
indexed 


R24 
R32,R17 
A,P17 

% >C5,R35 
LABEL 
@>F3D4 
*R22 

@> 1AAA(B) 


(R24) -— 1 
(R32) + (R17) 
(P17) .XOR. (A) 


(R35) .AND. >C5 


(PC) + off8 
(F304) 

(A) 

(>1AAA) + (B) 


The CPU controls instruction execution by executing microinstructions from a dedicated control memory. 
The number of system clock cycles required to execute one assembly language instruction varies depending 
on the instruction complexity and operand addressing mode. Instruction execution times are stated in terms 
of the number of system clock cycles per instruction. This decouples the bus transaction protocol/timing 
from specific memory performance requirements. Instruction execution times vary from 5 to 49 internal 
system clock cycles, with most instructions requiring less than ten cycles to complete. 


Similarly, the number of bytes of program memory required to store an instruction will vary with instruction 
complexity and addressing mode. TMS7000 instructions require from one to four bytes of program memory 
space, with most instructions occupying one or two bytes. 


The TMS7000 FAMILY INSTRUCTION SET SUMMARY, beginning on page 30, shows the instruction set, 
the addressing modes, the program memory byte length, and the execution cycle count for each instruction. 
The Addressing Mode entries are in the format of BYTE LENGTH/CYCLE COUNT. The following symbols 
and abbreviations are used: 


SYMBOL DEFINITION SYMBOL DEFINITION 


Source Operand Destination Operand 

Register A or RO in Register File Register B or R1 in Flegister File 
Source or Destination Register in Register File 16-bit Label! 

Source or Destination Register in Peripheral File 16-bit Immediate Operand 

Source or Destination Register Pair (Rn, Rn — 1) 16-bit Address of Next Instruction 
Status Register 

Extended Addressing Operand (Direct, Indirect, 
indexed) 

Is Assigned To 

Present Address of Stack Pointer 
Contents of 


8-bit Immediate Operand 

8-bit Signed Offset (label — PC) 
Program Counter 

Stack Pointer 

Immediate Operand 

Status Register Carry Bit 
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TMS7000 FAMILY INSTRUCTION SET SUMMARY 


ADDRESSING MODES 
OPERATION DIRECT [extenneo bescrirrion 


OTHER 
aT Te Te [one nom | 


Add with Carry 
(s) + id) + (C) — Wd) 


Add 
is) + (d) — (d) 


And 
(s) AND. (d) — (d) 


And Peripheral 
(s) AND. (Pn) — (Pn) 


Branch 


id) — (PC) 


B __off8 Bit Test end Jump If One 
RF ,_ .off8 If (s} AND. id) # O, then 
*iop,_ of f8 (PC) + off 8 — (PC) 


A,_.tt8 Bit Test and Jump If One Peripheral 
B._off8 H (s) AND. (d) # 0, then 
Rion, _ off8 (PC) + off8 — (PC) 


B,_.off8 Bit Test and Jump If Zero 
RF,__off8 if (s) AND. NOT (d) # O, then 
Kiop,_.off8 (PC) + off8 — (PC) 


A,_ot8 Bit Test snd Jump If Zero Peripheral 
B,_ .off8 If (s) AND. NOT (d) + O, then 
Sion. _,off8 (PC) + off 8 — (PC) 


= Cell 
(SP) + 1 — (SP) 
(PC MSB) — (Stack) 
(SP) + 1 — (SP) 
(PC LSB) — (Steck) 
Operend Address — (PC) 


Clear 

0 — id) 

Clear Carry Bit 
0 — (C) 


Compare 
(d) - (s) computed: sets flags on result 


Compare A 
(A) - (s) computed; sets flags on result 


Decimal Add with Carry 
is) + (d) + (C) — i) (BCD) 


t Add 2 to cycle count if jump is taken. 
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TMS7000 FAMILY INSTRUCTION SET SUMMARY (CONTINUED) 


ADDRESSING MODES 


a ee ea 


Decrement 
W)-1— Wd 
Decrement Double 
(Rp) - 1 — (Rp) 


Lk) Disable Interrupts 
0 — (Global Interrupt Enable Bit) 


Decrement and Jump If Not 0 
(d)- 1 — td); 
it td) # O, then (PC) + off8 — (PC) 


Decimal Subtract with Borrow 
td) - is) - 1 + (C) — (6) (BCD) 


15 Enable Interrupts 
1 — (Global interrupt Ensble Bit) 


16+ | ble 
(PC) — (PC) untd interrupt 
(PC) + 1 — (PC) after return trom interrupt 


increment 
(dé) + 1 — (d) 


Invert 
NOT(d) — (d) 


21? Jump 
(PC) + off8 — (PC) 


Jump on Condition 
(PC) + off8 — (PC) 
25 Jump if Carry 
25 dump if Equal 
2/5 Jump if Greater T1an of Equal 
2/5 Jump if Greater Tien 
2/5 Jump if Higher or Same vaive 
25 Jump if Lower 
25 Jump ff No Carry 
2/5 Jump if Not Equel 
2/5 Jump ff Not Zero 
25 Jump if Positive 
2/5 Jump if Positive or Zero 
25 Jump ff Zero 


3G Load Accumulator 
(s) — (A) 


5 Load Steck Pomter 
(8B) — (SP) 


Move 
ts) — fd) 


T Add 2 to cycle count if jump is taken. 
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TMS7000 FAMILY INSTRUCTION SET SUMMARY (CONTINUED) 


aaa MODES 
OPERATION DIRECT | EXTENDED DESCRIPTION 
pA |e [ome | re | eae | cnr | oun 


4/15 Move Double 
4117 (Rp) — (Rp), or 
3/14 op 16 — (Rp) 


Move Peripheral 
— (Pn) 


Multiply 
3/49 (s) = (6) — (A.B) 
348 A ~ MSB, B = LSB 
No Operatton 
(PC) + 1 — (PC) 
OR 
3/10 ts) .OR. id) — td) 
38 


OR Periphersl 
(s) .OR. (Pn) — (Pn) 


2/6 Pop ‘x 
(Stack) — (d); (SP) - 1 — (SP) 


Pop Status 
(Stack) — (ST); (SP) - 1 — (SP) 


2/8 Push 
(s}) — (Stack) 
(SP) + 1 — (SP) 


Push Status 
Status Register — (Steck): 
(SP) « 1 — (SP) 


Return from Interrupt 
(Stack) — (PC) LSB 

(SP) - 1 — (SP) 

(Steck) — (PC) MSB 

(SP) - 1 — (SP) 

(Stack) — (Status Register) 
(SP) - 1 — (SP) 


Return from Subroutine 
(Steck) — (PC) LSB 
(SP) - 1 — (SP) 
(Steck) — (PC) MSB 
(SP) - 1 — (SP) 


2i7 Rotate Left 
Bit(n} — Bit(ns 1) 
Bit(7) — Bit(0) + (C) 
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TMS7000 FAMILY INSTRUCTION SET SUMMARY (CONCLUDED) 


ADDRESSING MODES 


Rotste Lett Through Carry 
Bain) — Bains 1) 

(C) — Brt(0) 

Bit(7) — (C) 


.| Rotate Right 
Bitin) — Bitins 1) 
Ba(0) — Br(7) + (C) 


Rotate Right Through Carry 
Brin) — Brtins 1) 

(C) — Bitin) 

Bit(0) — (C) 


Subtract with Borrow 
(s}) - id) - 1 + (C) — fd) 


Set Corry 
1 — (C) 


atti 2/10 Store Accumulator: (A) — (d) 


Store Steck Pointer 
(SP) — (B) 


Subdtrect 
id) - (s) — (d) 


Swap Nibbles 
d(Hn,Ln) — d{Ln.Hn) 


Trep 

(SP) + 1 — (SP) 

(PC MSB) — (Steck) 
(SP) «+ 1 — (SP) 

PC LSB) — (Stack) 
fEntry Vector) — PC) 


Test A 
C-0 
N, Z set on (A) 


Test B 
C—0 
N, Z set on (B) 


Exchange B 
(B) ~— td) 


Exclustve OR 
(s) XOR. id) ~ (d} 


Exctustve OR Peripheral 
(s) XOR. (Pn) — Wn) 
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ane aa I ET LN I aT a EE aT TT I ae Ge I 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) f 


Supply voltage, VCC (see Note 6) ............... 00s Oe abies cde an ies eek esas ete aire -O.3to7V 
Supply voitae; VeptMC DIN)? « 3-6 do te oA See eae Se egies -0.3 Vto 14 V 
INDUt VOILEOS TANGE: <5 .6.d02.0 oe 2 64S ee ee be ee SOS ee eee es -0.3 Vto Vcc +0.3 V 
Ovitbut Voltags Tange 2.62554 oes owe hee ads BU ERE e eee eS -0.3 Vto Vcc +0.3 V 
Maximum 1/O buffer current (per pin)... 2... ec ew eee tee ee eee eee ene +10 mA 
Maximum: supply CUMENt. ICG 4.2.4 eer sx Seok hee eae C4 eee OW SOAS eS Saas ss 60 mA 
Maximum: supply Current, ISS 6.0 ¢o4 5 ooo ee wees eb G4 EN SSA REE -60 mA 
Storage temperature range ........... cee ee ee ee ete eee eee tee - 55°C to 150°C 
Operating free air temperature .......... syisiad dete dees eels Seaton ee eee »2e++ —40°C to 85°C 


TStresses beyond those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions indicated in the ‘’Recommended Operating Conditions’’ section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 6: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


MIN MAX 


Supply voltage 
Programming supply voltage (MC pin) 


INT1, INT3, RESET, X’TAL PIN 


— 
| 
uv 

Cc 
<|</2 
—| 


High level input voltage 5.5V< Voc <6V Voc — 1.0 Voc 
4.5V<Voc <5.5V Voc — 0.7 Vcc 
3.5V <Vo¢ <4.5V Vec — 0-5 Vcc 
2.5V <Voc <3.5V Voc — 0.35 Vec 


Low level input voltage 5.5V <Vec <6V p08 1.00 
4.5V< Vec <5.5V 0 0.70 


3.5V< Vcc <4.5V 


MC PIN 


High level input voltage, VIH SV <Voc <6V Vec — 0.5 Voc 


4V<Voc <5V Vec — 0.4 Voc 

3V<Voc <4V Voc — 0.3 Vec 

2.5V <Vec <3V Voc — 0.2 Vcc 
Low level input voltage, VIL SV <Voc <6V 


2.5V< Voc <3V 


PORT (EXCEPT INT1, INT3, RESET, X’TAL, MC 


High level input voltage, VIH 


Low level input voltage, VIL 


ae 
on 
< 
IN 
> 
© 
IN 
cA) 
< 
> 
© 
| 
ro) 
b 
> 
© 
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electrical characteristics over full range of operating conditions (VCC = 4.5 V to 5.5 V) 


Wake-up modes < Freq =F Mhz> 

ICC 1&5 < Freq=6.0 Mhz> 
Supply current (see Note 1) 

<Freq=F Mhz> 

< Freq=6.0 Mhz> 

Wake-up modes <Freq=F MHz> 

3&4 <Freq=6 MHz> 
(see Note 1) 


Vec=5V 


Voc = 5.0 V, loH =-1.0 mA 


Von High-level output voltage 
Voc = 5.0 V, lIOH =0.3 mA 


Voi Low-level output voltage Voc = 5.0, lop =1-7 mA 


Voc = 3.0 V 

Vec = 4.0 
Output source current CC ¥ 
(VHO = Vcc — 9.5 V) Voc =5.0 V 
Voc =5.0 V 
Voc = 3.0 V 


Output sink current 


Vec = 
(Vo, =0.4 V) CC=40V . 


Vec =5.0 V . 
Vi=Ves oF Voc 
input leakage current 
All others Vj =Vsg to Voc 


All inputs = Voc or Vsg (except XTAL2). All I/O and output pins are open circuit. 


loL 


Note 1: Note 2: 


| MODE | TIMER-1 TIMER-2 TMS 77C82BJDL I avott = 10pA 
TCA ee TMS 77C82BNL/NLL/FNL 
TMS 77C82JDL =500UA 
TMS 77C82NL/NLL/FNL 


WAKE-UP2 TIMER-1 OR 


WAKE-UP3 OFF 
WAKE-UP4 TIMER-1 OR 
WAKE-UP5 USE 
HALT-OFF OFF 


LOAD 
VOLTAGE 
1000 2 
OUTPUT 
UNDER 
TEST 


ae 


FIGURE 26. OUTPUT LOAD CIRCUIT USED FOR ALL TIMING MEASUREMENTS 
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recommended crystal operating conditions over full operating range 


Voc=40v | os SSC—i 


Crystal frequency 


i 


t,(P) Crystal cycle time 


ns 
pons 
67 pons 

67 pons | 

P Vec=25V | 20000 4000S] 
P Vec=4ove | ee 4000S] 
| Vec=50V | 383 4000] 
a 33 Fons 

pons 

pons | 

pons | 

pons | 

pons 


internal state cycle time 


Voc =6.0 V 3 4000 


iylPH)__CLKIN pulse duration high so 
> [WPL CLKIN pulse duration low so 
0 [k CLKIN rise time a Me 
< [i CUKIN fal time ee 
> | ty(PL-CH) — CLKIN fall to CLKOUT rise delay time Po 140 250 
C) clock timing 
mi 
> a as 
=r twiPH) [> . ' 
O | ; ot | 

rae i! 

ms | 
= XTAL2/CLKIN | 
> tw(PL) => 
= t—tgiPL.cH) —~4 
oO a A er Ae \ 
P= ' 


TMS77C82 


XTAL1 XTAL2/CLKIN 


TMS77C82 


CLOCK SOURCE 
50% 
DUTY CYCLE 


PARALLEL 
RESONANT 


~* 


XTAL2/CLKIN 


TC 


FIGURE 27. RECOMMENDED CLOCK CONNECTIONS 
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lon — Output Source Current — mA 


lo. — Output Sink Current — mA 


TMS77C82 
8 BIT CMOS EPROM MICROCOMPUTER 


Vds — Output Buffer Voltage Drop (Vcc - Von) — 
FIGURE 24. TYPICAL OUTPUT SOURCE CHARACTERISTICS 


02 04 06 08 1 12 #14 16 18 2 22 2.4 26 2.8 3 
Vor — Low Level Output Voltage — V 
FIGURE 25. TYPICAL OUTPUT SINK CHARACTERISTICS 


% 
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TMS77C82 


Vcc — Supply Voltage — V 
FIGURE 20. OPERATING FREQUENCY RANGE 


O 
° 
wo 
° 
= 
© 
1¢) 
oO 
vt 
\ 
i 
bo 6 
- 


THW — Aduenbely 20181980 jeuserxg - 28%, yw - juesny Aiddng - ID; 


Vcc — Supply Voltage — V 


FIGURE 22. TYPICAL OPERATING CURRENT VS. SUPPLY VOLTAGE 
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icc — Supply Current — mA 


7 


0 08 1 4 


fosc — External Oscillator Frequency — MHz 


FIGURE 23. TYPICAL OPERATING Icc VS. OSCILLATOR FREQUENCY 
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memory interface timing as a function of frequency 


In the table below, tcc) is the period of the internal clock, and tc(C) = 2/fosc. At 6 MHz tc(c) would 
be 333 ns. Minimum and maximum times may be calculated by using the formulas below with the 
appropriate clock period. 


uN VP MAX 
<a 
Osi) 80 OSI) OSG 50 | ns 
0. Belg) = 80 OSG O-Stic) +50 | ee 
O.Fteic)=50 Otc) [oes 
O.25teic)= 40 0.28tec <a 
i a 

=< 


td(CH-HA) Delay time, CLKOUT rise to high address valid 0.25tcic) - 40 0.25tc(C) 
tw(JH) ALATCH high pulse duration 0.25t,(c) - 40 0.25tcic) 
tgu(HA-JL) Setup time, high address valid before ALATCH fall 0.25t,(c) - 40 0.25tc(C) 


0.25tcic) 55 -O.25tciC) rca 

thiJL-LA} Hold time, low address valid after ALATCH fall 0.25t,(c) — 50 0.25tc(C) | ons | 

[teuiRW.JL) Setup time, R/W valid before ALATCH fal | O.25teic)-60_—_—0-25teic) pons 
thiEH-HA} Hold time, high address valid after ENABLE rise 0.5t.(c) - 60 0.5te(C) Fons | O 
tsuiQ-EH) Setup time, data output valid before ENABLE rise 0.5te(c) — 35 0.5 tc(C) Fons | = 
thiEH-Q) Hold time, data output valid after ENABLE rise 0.5t-(c) — 50 0.5tc(c) Sons | <q 
Delay time, low address high impedance to => 
TdILA-EL) ENABLE tall 0.33 tec) - 35 0.25tc(C) pone oc 
O.5tcic)-60_O-Bteicy prs | O 
ta(EL-O Access time, data input valid after ENABLE fall 0.75te(c) - 130 0.5tc(c) - 20 ons | Lh. 
TStgicy= 175 _1-Btgic) 100 irs | = 
: Tn lO 
Poieh-sh) Delay time, ENABLE rise to ALATCHrse + OStyq)-60 OS) Ss—=“—*é‘idCS«Sd 
\gICH-EL) Delay CLKOUT rise to ENABLE ta _COsC~“‘CS)é(3NC*dL #~*d' 
NOTE 7: tc(c) is defined to be 2/fog- and may be referred to as a machine state or simply 8 state. rs 
As an example, consider calculating the minimum data out hold time from ENABLE rising [th(EH-Q)). Pm 


At 6 MHz this wouid give: 


th(EH-Q) = 9.5tc(c) - 50 ns 
= 0.5(333 ns)-—50 ns 
= 166.5 ns-—50 ns 
..th(EH-Q) = 116.5 ns 
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memory interface timing at 6 MHz 


TEST 
PARAMETER ee UNIT 
CONDITIONS 


tc(C) CLKOUT cycle time (see Note 7) ne 


tw(CH) CLKOUT high pulse duration 


tWwiCL CLKOUT low pulse duration 


tdiCH-JL) Delay time, CLKOUT rise to ALATCH fall 


td(CH-JH) Delay time, CLKOUT rise to ALATCH rise 
td(CH-HA) Oelay time, CLKOUT rise to high address valid 


tw (JH) ALATCH high pulse duration 
tsu(LA-JL) Setup time, low address valid before ALATCH fall 


th(JL-LA) Hold time, low address valid after ALATCH fall 


ABLE rise 


h(EH-RW 


106 166 
106 166 
131 166 


72) 


@ 


106 166 
120 146 


~ 
or 
GW) 
" 


ta(A-D) Access time, address valid to data input valid 325 400 
tgiA-EH) Delay time, address valid to ENABLE rise 450 500 


th(EH-D Hold time, data input valid after ENABLE rise 
td(EH-JH) Delay time, ENABLE rise to ALATCH rise 


tg(CH-EL) Delay time, CLKOUT rise to ENABLE fall 


NOTE 7: tic) is defined to be 2/foge and may be referred to as 8 machine state or simply a state. 
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A] 


Ay 


SINAWNYISN 


(ye SVX4 


EXTERNAL READ EXTERNAL WRITE RAM READ 
fe es 
| twiCH) | he td CHJH) 
1 >t toy {| Pe teuia-cHimy 
P™ tr110) twiCL) | 
( v 


CLKOUT 


6 
ALATCH | | 
| 
| 
HIGH ADDRESS ; HIGH ADDRESS HIGH ADDRESS HIGH ADDRESS 


(00-07) 
pet tH IL-LA) | | | 
tsu(LA-JL) oY po | ry = | 
LOW ADDRESS) =| | 7 
(CO-C7) | | i 
2 PF td (LA-EL) tdiEH-A) | | 
pat— ta(A-D) beet. tgu(Q-EH) { 
| Me te(EL-D 
{ 
cat ! ! | 
l Lega | EH) ———— | 
aa P—tou(RW-JL) 
RW 


| 
eet tdicH-AW) 


NOTE 8: During an internal RAM access, the CPORT outputs are stable but the data ts a ‘’don't care’. 


ADVANCE INFORMATION 


INTERNAL READ 


HIGH ADDRESS 
LOW 
ADDR 


pe td(CH-RW) 
| 


Burrus ej9A9 aJM pues pees 


CBOLZSINL 


YALNdWOOOYOIW WOdds SOWD LId-8 
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serial port timing 


internal serial clock 


oa NVI NS NI NSN YSN 


soat r— tgiCL-SL) | 
| 

{ l 

| 


t 
TXD x TXD 


td(RD-CL) —~y 


| 
xx XX X KKK KKK XK \/ x x \/ \/ VF \J V/V) xx KX \/ x x x KKK x xX 66:66 
se oneeounoouncebbicnmonneemonennnon ie an 
[ | 
tgiRD) —el boo» 


RXD 
SAMPLE SAVED 


NOTES: 9. The CLKOUT signal is not available in Single-Chip mode. 
10. CLKOUT = tg). 


tg{CL-SL)__CLKOUT low to SCLK low Pa tcc) fs 


td(CL-TD) ___CLKOUT low to new TXD data 
tg(RD-CL) _RXD data valid before CLKOUT low 1/4 toc) 
tdiRD) RXD data valid time W2tceicy | ons | 


NOILVINYOSINI JDONVAGV 
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external serial clock 


coat et ed ee at et et % 
| 


| 

= td(CL-S} aaa ee td(CL-S) 

jm— tdiSE-TD) ——— 

SCLK | ; 
| | 
| | 
be tg(SB.TD) See | 


TXD ! TXD 


SES x COCe 


XxX XX KK X \/ x X \/ \V/ YY VY V XXX x XX XK XX CCECECECSO 
sem oureneoouncess ber ueeunonnincnnnnnonig ian: 
| | 
tgiRD) —ad Le 


RXD 
SAMPLE SAVED 


NOTES: 10. CLKOUT = t,ic). 
11. The CLKOUT signa! is not available in Single-Chip mode. 
12. SCLK sampled: if SCLK = 1 then O, fall transition found. 
13. SCLK sampled; if SCLK = O then 1, rise transition found. 


PARAMETER 


[gthb- ct) _AXO deta veld before CIKOUTIow ————SSOSC—SOSOSSSOSSCSCSSSOSOSOSCSCSdYSC 
[tgino) _AXD dete veligtime SSCS cy 
[gis8-1o) Start of SCLK somple to new XD Gata——SOCSCSCSSCSCSCSCSCSS A tetcy ws 
ise-1D) End of SCLK semple to new TXD dete OSOSOSCSOSSCSCSCSCSCSCSCSiSC WH ety | 
a 


wg 
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RX signals in communication modes 


INT4 
FLG 


RXRDY 


RXD 


DO0000 CAND O00 00C8 


1 4 


NOTES: 14. Format shown is start bit + seven data bits + stop bit. 
15. SCLK is continuous, external or internal. 
16. If RXEN = O, RXSHF still receives data from RXD. However, the data is not transferred to RXBUF and RXRDY and INT4FLG 


are not set. 


Sequence of Events: 


1. RXSHF data is transferred to RXBUF. Error status bits are set if an error is detected. 


2. Software writes to INT4CLR to clear INT4FLG; or, CPU clears INT4FLG on entry to level 4 interrupt 
routine. 


3. Software reads RXBUF. 
4. Repeat step 1. 


TX signals in communication modes 


INT4 
FLG 


TXEN 


TXRDY | | | | 


4 
W/D.0:0:0:0:0:0,0,/ARNW.0.0:0:0:0:0.0. 


TXD \ 0 SO 
t 5 Bt - 
- nn 

nn Ww 

2 5 


NOTES: 17. Format shown is start bit + eight data bits + parity bit + two stop bits. 
18. SCLK is continuous whether internal or external. 
h 
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a i aT TE a ga TE I ne aS eo RT EY 


Sequence of Events: 


1. 
2. 


3. 


4. 
. TXBUF and WU data are transferred to TXSHF and WUT (Wake-up temporary flag). INT4FLG and 


Software writes to TXBUF. 

TXBUF and WU data are transferred to TXSHF and WUT (Wake-up temporary flag). INT4FLG and 
TXRDY are set. 

Software writes to INT4CLR to clear INT4FLG or CPU clears INT4FLG on entry to level 4 interrupt 
routine. 

Software writes to TXBUF. 


TXRDY are set. 


. Software resets TXEN; current frame will finish and transmission will stop whether TXBUF is full 


or empty. 


. TXE is set if TXBUF and TXSHF are empty. 


RX signals in serial I/O modes 


NOTES: 19. 
20. 


INT4 
FLG 


RXEN 
RXRDY 


RXD 


SCLK 


2 


RXEN has no effect on INT4FLG or RXRDY in Serial 1/0 mode. 
RXD is sampled on SCLK rise; external shift registers should be clocked on SCLK fall. 


Sequence of Events 


Sea cae de 


> 


46 


Software starts receiving by setting RXEN. 

Gated SCLK starts and data is received. 

RXEN is automatically cleared in last data bit. 

RXSHF data is transferred to RXBUF, and RXRDY and INT4 are set. 


Software writes to INT4CLR to clear INT4FLG; or, CPU clears INT4FLG on entry to level 4 interrupt 
routine. 


Software reads RXBUF. 
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TX signals in serial 1/(O modes 


INT4 
FLG 


TXEN 


TXRDY 


SCLK 


2 4 


NOTE 21: Format shown is eight dats bits. 


Sequence of Events 


1. 
2. 
3. 


Software writes to TXBUF. 

TXBUF data is transferred to TXSFT; INT4FLG and TXRDY are set, and SCLK starts. 
Software resets TXEN, current frame will finish and transmission will halt whether TXBUF is full 
or empty. 


. Frame ends and SCLK stops because TXEN = O. 


ig 
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programming the TMS77C82 using a PROM programmer 


The TMS77C82 can be programmed like any Texas Instruments TMS27C64 on a wide variety of PROM 
programmers. Programming the TMS77CB82 requires a 40-to-28 pin adapter socket with the RESET and 
XTAL2 pins grounded. Contact your PROM programmer manufacturer or local TI field sales office for 
programming support. 


adapter sockets 


The following diagram shows the connections needed to be made on the 40-to-28 pin socket. 


40-pin DIP to 28-pin socket 


SOCKET TMS27C64 


PIN 


FUNCTION 
BS/R/W[]1 2 4o| ]Vss 
B7/CLKOUT [}2 391 | BE/ENABLE 
BO| |3 38{ ] B4/ALATCH 
Bif|4 37[_] B3/TXD 
B2[]5 36|_ | MC 
A7 AO [_]6 35{ ]C7 
Ae Ait TMS77C82 5° = ae 
A5 A2[].8 33] |}C5 
A4 A3[]9 32] | C4 
A3 ——— A4/SCLK []10 31, | C3 
G A7/EC1 [411 30] | C2 
INT3 []12 291 | C1 
INT1 []13 28] }CO 
GND RESET [ }14 271 | 00 
PGM AG/EC2 26| | D1 
Al2 AS/RXD [_] 16 251] Vcc 
GND —— XTAL2/CLKIN [J 17 24| | D2 
XTAL1 [ ]18 23{_]| D3 
A2 D7 { }19 22|_} D4 
Al D6 { |20 211 | O05 
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GND 


TMS27C64 SOCKET 


FUNCTION PIN 


14 


1 
19 
18 
17 
16 
15 
13 
12 
11 
25 
24 
28 
23 
21 
20 
10 
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44-pin PLCC to 44-pin socket 


SOCKET 


PIN 


TMS27C64 
FUNCTION 


TMS77C82 


8 BIT CMOS EPROM MICROCOMPUTER 


B7/CLKOUT 
B5/R/W 


Vss 
B4/ALATCH 


B3/TXO 


B1/TIOUT 
B6/ENABLE 
MC 


BO/T20UT 


4 
3 
2 
1 

44 

43 

42 


G ——A7/EC1 (}12 TMS77C82 


GND 


= 
. RO 
LL. 


om 


XTAL2/CLKIN 
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GND 
VPP 


SOCKET 
PIN 


14 
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EPROM integrity protection using the R bit 


Once the TMS77C82 has been programmed with the desired code, the contents of the EPROM may be 
protected with the use of the R bit integrity feature. The function of the R bit is to disable all external 
accesses to the on-chip EPROM while in the EPROM mode, which will prevent a protected code from being 
modified or read externally. The only way to ‘‘unprotect’’ the TMS77C82 after the R bit has been 
programmed is by erasing the EPROM, thereby destroying the protected code. 


The following table and procedure demonstrates how to program and verify the R bit. 


TMS77¢82 
| Funcrion | pine | program | veniry 


XTAU/CLKIN Vss Vss 
Vss Vss 
12.5 V Vcc 
12.5 V 12.5 V 
Vcc Vss 
Vcc Vss 
Vcc Vcc 
Vcc x 
x Vss 
Vin/Vir/ Vin Refer to Step 3 
in R Bit Verify 
Procedure 


Note: X = Don't Care. 


R bit Programming Procedure: 


1. Configure all referenced pins for the R bit Program mode. 

2. Power up the device. 

3. Toggle C7 from a logical high (1), to a logical low (0), and back to a logical high (1). 
4. Power down the device. 


R bit Verify Procedure: 


1. Configure all referenced pins for the R bit Verify mode. 

2. Power up the device. 

3. Read C7. Zero (0) is programmed, one (1) is not programmed. 
4. Power down the device. 


erasure 


The TMS77C82 is erased by exposing the chip to shortwave ultraviolet light that has a wavelength of 
253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure 
time) is 15 watt-seconds-per-square-centimeter. The lamp should be located about 2.5 centimeters (1 inch) 
above the chip during erasure. After erasure, all bits are at a high level. It should be noted that normal 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS77C82 the 
window should be covered with an opaque label. 
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TMS77C82 
8 BIT CMOS EPROM MICROCOMPUTER 


programming characteristics over recommended supply voltage range and operating free-air temperature 
range TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 


ta(A) Access time from address 
talE) Access time from chip enable Cy = 100 pF, 


ten(G Output enable time from G 1 Series 74 TTL load, 
tyis? Output disable time from G or E, whichever occurs first t, < 20 ns, 


Output data valid time after change of address, tf s 20 ns 


t - 
v(A) E, or G whichever occurs first 


TEor all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5 + 0.5 V during 
programming. 
Value calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


recommended conditions for programming, Ta = 25°C$ 


twi(IPGM) !nitial program pulse duration 
tw(FPGM) Final pulse duration 


ten(G) 
tsu(D) Data setup time 


teuiVPb)_Vpp Setup time 
isuivce) Vee setup time 
tna) ___Address hold time a 


SCommon test conditions apply for tgis(G) except during programming. 
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TMS77C82 
8-BIT CMOS EPROM MICROCOMPUTER 


program cycle timing 


= VERIFY = 
| ! 


. Vin 
AO0-A12 ADDRESS STABLE i ADDRESS N .- 1 
: V 
; IL 


le teuiar—>4 be — tia} 


ak Vit/VoH 
01.08 DATA IN STAB 1A OUT 
: Vir ‘Vou 


fo— ‘sui —o4 Le $l tais 


| 
Vpp 
Vpp | | 
bo tsutvPr)—o4 | Vcc 
| | 
| 


| ; 
| 
| 
=e 
{ 
Veco: 1 
VCC | | | “ 
p- teuivcci— | | | Vcc 
| | 
| | 
fy | 
| | 
| | 
| | 
{ 
! 


my} 


| 
| 
| | 
| ) Viv 
{ 
| Vit 


nie tiie 


Viv 

Pom | | | 

te—et- "sulG) | Vit 
twice —fo—a Lease = 


| 
twi(FPGM)—-o———o> | l 
Vin 
= | 
Vin 


read cycle timing 


: Vi" 
A0-A12 ADDRESSES VALID 
Vit 


of 
< < 
z= F 


016 —————— Hi-Z LLL LL OUTPUT -\\ a VOH 
Cs 


NOTE: The timing measurement reference levels for inputs and outputs are 0.8 V and 2 V. 
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TMS77C82 DEVELOPMENT SUPPORT 


TMS7000 CMOS XDS"* — extended development system 


Full TMS7000 Family Development System 
Host Independent/RS-232-C Interface 
Full Speed In-Circuit Emulation 
Extensive Breakpoint and Trace Functions 
— Detailed Timing Analysis 
—2K-Byte Trace Samples 
—Breakpoint Sequencing Ability 
@ Command/Default Storage 
@ Removable Target Connector 
@ External Probe for Breakpoint/ 
Trace Qualifiers 
@ On-Board Assembler and 
reverse Assembler 
@ Multiprocessing Capabilities 


CMOS EVM — evaluation module RTC/EVM7000C-1 


T™TMS7000 Family Low Cost Development 
System 

Single-Chip Mode Emulation Only 
On-Board Assembier/Line Text Editor 
Multiple Breakpoints 

Trace Display Function 

EPROM Programmer Utilities 


assembler/linker packages 


Crossware! assembler/linker packages are available through Texas Instruments for the following operating 
systems: 

Operating System Tl Part Number 

MSt-DOS and PC-DOS T™MDS7040810-02 

DEC VAXt vMS ™MDS7040210-08 


*XDS end Crosswere ere registered trademarks of Texas instruments incorporeted. MS is 8 trademark of Microscft, Inc. VAX ts 8 trademark 
of Digital Equipment Corporation. 


EPROM programming support 


The following third-party companies support programming the TMS77C82 EPROM microcontroller directly 
or with an adapter socket (see note 24). 


Data I/O Corporation — Advanced Microcomputer System Inc. 
10525 Willows Road N.E. 2780 S.W. 14th Street 

P.O. Box 97046 Pompano Beach, FI 33069 

Redmond, WA 98073-9746 (305) 975-9515 

(206) 881-6444 


— Logical Devices, Inc. 


CROMAC 1321-E N.W. 65th Place 
Adams MacDonald Enterprises, Inc. Fort Lauderdale, FL 33309 
2999 Monterey/Salinas Highway 

Monterey, CA 93940 

(408) 373-3607 


NOTE: Contact your local Texas Instruments field sales office for availability of the 40-to-28 pin programmer adapter socket (part 
no. RTC/PGMC82A-06). 
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TMS77C82 
8-BIT CMOS EPROM MICROCOMPUTER 


MECHANICAL DATA 


40-pin JD ceramic sidebraze package 


15,0 (0.590) 


15.24 + 0,25 
(0.600 + 0.010) 


5,08 (0.200) 
0,508 (0.020) MAX 
[ MIN 


SEATING 
PLANE 


1,27 + 0,508 1,27 + 0,254_ 
(0.050 + 0.020) (0.050 + 0.010) 
2,54 (0.100) T.P. 3.81 + 0,762 


PIN SPACING 0.457 + 0,076 (0.150 + 0.030) 
(SEE NOTE A) (0.018 + 0.003} 


40-pin plastic package (70 mil spacing) 


€ 16.2410.254 t 


(0 600 : 0 010) 


0.508 (0 020) 


alia | 

— 5.08 (0 200) MAX 

— SEATING PLANE 

0 | U 3.17 (0.126) MIN 
0.467:0.076 

0.279 x: 0.076 : —/e- 

(0011 2 o.003) |. (0 018: 0 003) | 


PIN SPACING 1.78 (0 070)T P 
(See note b) 1,02 (0.040) NOM 


1.27 (0.060) MAX 


Note: All dimensions are in millimeters and parenthetically in Inches. 
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MECHANICAL DATA 


40-pin N dual-in-line package 


63.08 (2 080) MAX 
4 33 32 31 30 29 28 27 26 26 24 23 22 21 |" 
aplantan 


€ 18.24: 0,254 t 


(0 600 : 0.010) Specie te 
0.608 10.020) ey (OPTIONAL) 


| wa 


| mmena 5 mail Witten 


0.457 + 0,076 
0.279 +0.07 
1;0008) fy (0.018:0003) | 0.838 (0 033) MIN 


(0 01110 003) 
PIN alia 2.54 (0 100) T.P 2.41 (0 095) 


1 1.40 (0 055) 
(See Note A) 1.27 (0 050) NOM - 


44-pin leaded chip carrier with window 


12.60 (0 496) 


0.51 (0.020) X ae 12.45 (0 490) | 


17.78 (0.700) 
17,28 (0.680) 


7.70 (0.303) 
7,54 (0.297) 


16.81 (0 662) 
16,33 (0.643) 


0.040 x 45° 
“3 PLACES” PLACES 
0.559 (0.022! 


0.457 (0.01 457 (0. 019: 
1.27 i0 60) TYP 


32,60 (0.496) 
ae 12.45 (0 690) 


4.12 (0.162) 
3,96 (0.166) 
16.81 (0 662) 
16.33 (0.643) 
1,07 (0 042) 


16.81 
16.8110 862, 1.86 (0.073) 


0.97 (0 033: 


Note: All dimensions are in millimeters and parenthetically tn Inches. 
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TMS77C82 
8-BIT CMOS EPROM MICROCOMPUTER 


MECHANICAL DATA 
44-lead plastic chip carrier package 


17 65 (0 695) 
17 40 (0 685) 


| 


17.65 (0 695) 
17.40 (0 685) 


16.66 (0 656) 
16.51 (0 650) 


4.57 (0 180) 
4.19 (0 165) 


3.05 10 120) 


2.29 10 090) 
1.219 (0.048) 
1.067 10 042) 0.51 10 020) 
MIN 
| 
| 
si 
0.533 10021) | } 
0.33010 013) 
| 
| 
16.00 (0 630) 
14.99 (0 590) 
i 
| 
| 
| 
| 
4 3 
| 
! 
i ‘ 
: | 
A) Q : 1.27 (0 050) : 
“THMHHHHHHHHE TR 
[alae la] alla | ele 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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Ra aN EIS EERIE IE IT I NR a a a a ea aN) 


logic symbol! 


EPROM 8192 X 8 


ao 10__] 

a, 19) 

a> (8) 

ag 17) 

ag 6) ON oy 
ag (5) (12) 0. 
an a 3) 6, 

(3) (15) 

a (25) (16) a 
ag (24) (17) oe 
aig 22) (18) oo 
aay £23) (19) oe 
eae 

~ (20) 

E (PWR DWN} 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)! 
Supply voltage range, Vcc (see Note 1) 


Pity ki ehava a oe aR Ses bd aes beh ee -O0.6Vto7V 
Supply voltage range, Vpp (see Note 1).............0 0.00.00. eee eee -O6Vt0 14 V 
Input voltage range (see Note 1): All inputs except AQ..................... -O6Vto6.5V 


Be SAAT ae Bo Heats, © Ise oy Eee -O06Vto 13.5 V 
‘Output voltage range (see Note 1)............. 2.0.02... eee eee eee -0.6VtoVcc + 1V 


Operating free-air temperature range... . 2.2... eee O°C to 70°C 
Storage temperature range... ......... 20... ee eee - 65°C to 150°C 


'Stresses beyond those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating 


Conditions’ section of this specification is not imphed. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


NOTE 1: Under absolute maximum ratings. voltage values are with respect to GND. 
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TMS27C64 
65, 536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


TMS27C64-1 TMS27C64-15 
TMS27C64-2 TMS27C64-20 
TMS27C64 TMS27C64-25 
TMS27C64-3 TMS27C64-30 
TMS27C64-4 TMS27€064-45 

| MIN, NOM MAX | MIN NOM MAX | 


Vcc Supply voltage (see Note 2) 4.75 5 §.25 
Vpp Supply voltage (see Note 3) 
al ect ect 


Ta Operating free-air temperature 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or VCC Is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be ICc + Ipp. 
During programming. Vpp must be maintained at 12.5 V (20.5 V). 


electrical characteristics over full ranges of recommended operating conditions 


[Vou Low-level output voltoge «dt mA OCSC~dSCSC‘“‘CSSCO#CS” 
vi = OVI 58V 0 [a 
Tig Output current Geakage)——=S=S~*~‘iCSC“‘ OO Vcc SSC*SCSSCSC~C~ 


Vv ly current 

ipp2 Sacha a a Vpp = 13 V 

(during program pulse) 

CMOS-input level Vcc = 55 V.E = Vcc 


Vcc = 5.5 V. E = Vit. 
teycle = Minimum cycle time, 


\ 
ct (standby) 


Icc2 Vcc supply current (active) 


Outputs open 


*Typical values are st Ta = 25°C and nominal voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range. 
f = 1MHzt 


PARAMETER TEST CONDITIONS | MIN TyP? MAX UNIT 
Vi= OV. f= 1 MH2 ee es ae 
Vo = OV. = 1 Mi [et TF 


tT Capacitance measurements are made on sample basis only. 
2 Typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over full ranges of recommended operating conditions (see Note 4) 


T 
PARAMETER TEST CONDITIONS 
(SEE NOTES 4 AND 58) ai 


tala Access time from address 


telE) Access time from chip enable 


teniG) Output enable time from G Ci = 100 pF. 


Output disable time from G or 1 Series 74 TTL Load, 
E. whichever occurs first? Input | <20 ns, 
Output data valid time after Input ty <20 ns 
change of address, E, or 


is 


G. whichever occurs first! 


PARAMETER 


taiA) Access time from address 
tale) Access time from chip enable _ 


teniG) Output enable time from G 
. Output disable time from G or 
‘dis E. whichever occurs first! 
Output data valid time after 


VIA) change of address, E, or 
G. whichever occurs first’ 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


Cy = 100 pF. 

1 Senes 74 TTL Load, 
Input tt ¢ 20 ns, 

Input ty < 20 ns 


tvatue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


recommended timing requirements for programming, Ta = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Note 4) 


twilPGM) Initial program pulse duration 
twi(FPGM) Final pulse duration 
Ugu(A) Address setup time 


sutG) G setup time 


tsiD)____ Date setup tine a RE 


Lo ST LO SAMO SE 
Ttsuivec) Vee setupimeSCSCSCSCSCSCSCSCSCSCSCSSCSCid i 
Tthiay Adress hold ume SSCS 
OS 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 Vto 2.4 Vand Vpp = 125V 105 V 
during programming. 


5. Common test conditions apply for tgg(G) except during programming. 
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BELGIQUE/BELGIE 

S.A. Texas Instruments Belgium N.V. 
Il, Avenue Jules Bordetlaan I], 

1140 Bruxelles/ Brussel 

Tel: (02) 242 30 80 

Telex : 61161 TEXBEL 


DANMARK 

Texas Instruments A/S 
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Tel : 02 91 74 00 
Telefax : 02 91 84 00 
Telex : 35123 TEXIN 
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Texas Instruments 
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Telex 5 26 529 texin d 
Kirchhorster Strafse 2 

3000 Hannover 51 
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EIRE 

Texas Instruments Ireland Ltd 
7/8 Harcourt Street 

Dublin 2 

Tel: (OL) 78 16 77 

Telex : 32626 


ESPANA 

Texas Instruments Espana S.A. 
C/José Lazaro Galdiano No. 6 
28036 Madrid 

Tel: (1) 458 14 58 

Telex : 23634 

Fax : (1) 457 94 04 


C/Diputacion, 279-3-5 
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Tel : (3) 317 91 80 
Telex : 50436 

Fax : (3) 301 84 61 


FRANCE 
Texas Instruments France 
8-10 Avenue Morane Saulnier - B.P. 67 
78141 Vélizy Villacoublay cedex 
Tel: Standard : (1) 30 70 10 03 

Service Technique : (1) 30 70 11 33 
Telex : 698707 F 


HOLLAND 

Texas Instruments Holland B.V. 
Hogehilweg 19 

Postbus 12995 

1100 AZ Amsterdam-Zuidoost 

Tel : (020) 5602911 

Telex : 12196 
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ITALIA 

Texas Instruments Italia S.p.A. 
Divisione Semiconduttori 

Viale Europa, 40 

20093 Cologno Monzese (Milano) 
Tel : (02) 25300 | 

Telex : 332633 MITEX | 
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Tel. (06) 5222651 
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10100 Torino 

Tel. (OLLI) 774545 
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Tel. (O51) 554004 

NORGE 

Texas Instruments Norge A/S 
PB 106 

Refstad (Sinsenveien 53) 

0585 Oslo 5 

Tel: (02) 155090 
OSTERREICH 

Texas Instruments Ges.m.b.H. 
Hietzinger Kai 101-105 

A-1130 Wien 

Tel : 0222/9100-0 

Telex : 136 796 

PORTUGAL 

Texas Instruments Equipamento 
Electronico (Portugal) LDA. 
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Moreira Da Maia 

4470 Maia 

Tel : (2) 948 1003 

Telex : 22485 
SCHWEIZ/SUISSE 

Texas Instruments Switzerland AG 
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Tel : (QL) 740 22 20 

Telex : 825 260 TEXIN 
SUOMI FINLAND 

Texas Instruments OY 
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P.O. Box 81, 
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Tel : (90) 0-461-422 
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Texas Instruments 
International Trade Corporation 
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Box 30, 
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Visit address : Isafjordsgatan 7, Kista 
Tel : (08) 793 91 7 

Telefax : (08) 751 97 15 
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